Effect of relative length of columns on nonlinear response of RC girder bridge by Džolev, Igor et al.
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8VHL]PLþNLDNWLYQLPSRGUXþMLPDGR]YROMHQDMHSRMDYDQHHODVWLþQLKGHIRUPDFLMDHOHPHQDWDXSUHWKRGQR
GHILQLVDQLP NULWLþQLP SRGUXþMLPD SRG XVORYRP GD MH REH]EHÿHQ LQWHJULWHW NRQVWUXNFLMH WRNRP MDNLK
NUHWDQMDWOD.DNRELVHL]YUãLODSURFHQDRYLKGHIRUPDFLMDQHRSKRGQRMHVSURYHVWLQHOLQHDUQXDQDOL]X8
UDGX MH SULND]DQD QHOLQHDUQD VWDWLþND L GLQDPLþND DQDOL]D DUPLUDQREHWRQVNRJ JUHGQRJ PRVWD
GLPHQ]LRQLVDQRJ SUHPD (YURNRGX  $QDOL]H VX VSURYHGHQH ]D WUL VOXþDMD UD]OLþLWRJ PHÿXVREQRJ
UHODWLYQRJRGQRVDGXåLQHVWXERYDNRMLSRGXSLUXJUHGXPRVWD LUH]XOWDWL VXGLVNXWRYDQL3RPHUDQMDVX
RGUHÿHQDNRULãüHQMHP1PHWRGHLXSRUHÿHQDVDUH]XOWDWLPDYUHPHQVNHDQDOL]HNRQVWUXNFLMHL]ORåHQH
JUXSLRGVHGDPSDURYDNUHWDQMDWOD5D]OLNDXUHODWLYQRMGXåLQLVWXERYDLPD]QDþDMDQXWLFDMQDUH]XOWDWH
GRELMHQHL]DQDOL]D

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7KHEDVLFFRQFHSWLQGHVLJQLQJVWUXFWXUHVLQVHLVPLFDOO\DFWLYHDUHDVLVWRDVVXPHWKHGHYHORSPHQWRI
VLJQLILFDQW LQHODVWLF GHIRUPDWLRQV RI WKH EHDULQJ PHPEHUV LQ SUHGHWHUPLQHG FULWLFDO UHJLRQV RQ
FRQGLWLRQWKDWWKHLQWHJULW\RIWKHHQWLUHVWUXFWXUHUHPDLQVSUHVHUYHG%HVLGHVWKHVWUHQJWKFDSDFLW\WKH
DSSURSULDWHGXFWLOLW\RI WKH VWUXFWXUDOHOHPHQWV LQ WKHFULWLFDO UHJLRQVQHHGV WREHSURYLGHGZKLFK LV
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LQWURGXFHG WKURXJK GXFWLOLW\ FODVVHV DQG WKH EHKDYLRXU IDFWRUV >@1RQOLQHDU GHIRUPDWLRQV WKDWZLOO
RFFXUIURPWKHGHVLJQVHLVPLFDFWLRQVFDQQRWEHGHWHUPLQHGEDVHGRQWKHOLQHDUGHVLJQDSSURDFKEXWD
PRUHGHOLFDWHQRQOLQHDUDQDO\VLVQHHGVWREHFRQGXFWHG

,QWKLVSDSHUDUHLQIRUFHGFRQFUHWHEULGJHVWUXFWXUHGHVLJQHGLQDFFRUGDQFHZLWK(XURFRGHSDUWLV
DQDO\VHG>@7KHDLPRIWKHSDSHULVWRGHWHUPLQHQRQOLQHDUUHVSRQVHRIWKHVWUXFWXUHGHSHQGLQJRQ
WKHGLIIHUHQFHLQUHODWLYHOHQJWKRIWKHFROXPQVWKDWVXSSRUWWKHGHFNRIWKHEULGJH


 $1$/<6('5&%5,'*(6758&785(:,7+&2/801/(1*7+9$5,$7,216

$UHLQIRUFHGFRQFUHWHJLUGHUEULGJHVWUXFWXUHFRQVLVWLQJRIWKUHHVSDQVLVDQDO\VHG6WUXFWXUDOPRGHO
RIWKHEULGJHDVZHOODVFURVVVHFWLRQRIWKHGHFNDQGVXSSRUWLQJFROXPQVLVJLYHQLQ)LJXUH7KH
GHFN LV VXSSRUWHG RQ FROXPQV RI YDULDEOH OHQJWK 7KUHH FDVHV DUH DQDO\VHG ZLWK WKH JHRPHWULF
SURSHUWLHVJLYHQLQ7DEOH
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
)LJXUH6WUXFWXUDOPRGHODQGWKHDGRSWHGGHFNDQGFROXPQVFURVVVHFWLRQV
6OLND0RGHONRQVWUXNFLMHLXVYRMHQLSRSUHþQLSUHVHFLJUHGHLVWXERYD

'XH WR WKH GHYHORSPHQW RI GLDJRQDO FUDFNV UHVXOWLQJ IURP WKH PDLQ WHQVLRQ VWUHVVHV WKH WRUVLRQ
ULJLGLW\RIWKHGHFNLVUHGXFHGWRRIWKHKRPRJHQHRXVFURVVVHFWLRQ$GXFWLOHVHLVPLFEHKDYLRXU
LVDGRSWHGIRUWKHFROXPQVZLWKWKHEHKDYLRXUIDFWRUT ZKLFKZRXOGDVVXPHDQHDUO\ELOLQHDU
PRQRWRQLF IRUFHGHIRUPDWLRQEHKDYLRXURI WKHHOHPHQWV H[SHFWHG WRGHYHORS LQHODVWLFGHIRUPDWLRQV
7KHUHIRUH WKH DQDO\VLV LV SHUIRUPHG XVLQJ DV HODVWLF VWLIIQHVV WKH VHFDQWWR\LHOG SRLQW IOH[XUDO
VWLIIQHVV $QQH[ & >@ UDQJLQJ IRU WKH DQDO\VHG FDVHV EHWZHHQ  DQG  RI WKH XQFUDFNHG
VHFWLRQVWLIIQHVV

6WUXFWXUDODQDO\VLVLVSHUIRUPHGXVLQJWKHVRIWZDUH6$3Y>@0RGDODQDO\VLVLVFRQGXFWHG
IRU WKH ILUVW ILYHPRGHV WKDW FRQWULEXWH WR WKH RYHUDOOPDVVZLWKPRUH WKDQ ZLWK WKH HIIHFWLYH
PRGDO PDVVHV $IWHU HVWLPDWLQJ WKH VHFRQG RUGHU HIIHFWV LQ WKH FULWLFDO UHJLRQV GHVLJQ HIIHFWV DUH
GHWHUPLQHGEDVHGRQWKHFRPELQDWLRQRISHUPDQHQWDQGVHLVPLFDFWLRQVDQGWKHFRQWURORIWKHDGRSWHG
ORQJLWXGLQDOUHLQIRUFHPHQWIRUWKHFROXPQVLVVKRZQLQ)LJXUH%RWKFROXPQVDUHUHLQIRUFHGZLWKWKH
VDPHORQJLWXGLQDODQGVSLUDOUHLQIRUFHPHQWDGRSWHGIRUWKHVKRUWHUFROXPQ
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)LJXUH&RQWURORIWKHDGRSWHGORQJLWXGLQDOUHLQIRUFHPHQW±&DVHOHIWDQGULJKWFROXPQ
6OLND.RQWURODXVYRMHQHSRGXåQHDUPDWXUH±6OXþDMOHYLLGHVQLVWXE


&RQFUHWH FODVV & LV XVHG ZLWK QRQOLQHDU SURSHUWLHV GHULYHG IURP (XURFRGH  SDUW  >@
FRQFUHWHFRYHURIPPDQG(XURFRGHSDUW>@FRQILQHGFRQFUHWHFRUHRIWKHFROXPQ6WHHO
6FODVV&LVDGRSWHGDV WKHORQJLWXGLQDODQGVSLUDO UHLQIRUFHPHQW)LJXUHSUHVHQWVVWUHVVVWUDLQ
UHODWLRQVIRUERWKFRQFUHWHDQGVWHHOUHLQIRUFHPHQWLQWURGXFHGLQWRWKHILEUHPRGHORIWKHSODVWLFKLQJH
]RQH ZKHUH QRQOLQHDU GHIRUPDWLRQV DUH H[SHFWHG WR RFFXU *HRPHWULF QRQOLQHDULW\ LV LQWURGXFHG
WKURXJKWKH3ǻHIIHFWV

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)LJXUH6WUHVVVWUDLQUHODWLRQIRUFRQFUHWH&DQGVWHHO6
6OLND9H]DQDSRQGLODWDFLMD]DEHWRQ&LþHOLN6
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7KHDVVHVVPHQWRIQRQOLQHDUGHIRUPDWLRQVLQWKHSRVWHODVWLFUHJLRQLVSHUIRUPHGXVLQJERWKVWDWLFDQG
G\QDPLFDQDO\VLVIRUWKHDQDO\VHGFDVHV

7DUJHWGLVSODFHPHQWVIRUGHVLJQVHLVPLFDFWLRQDUHGHWHUPLQHGEDVHGRQWKHSXVKRYHUDQDO\VLVRIWKH
PXOWLGHJUHHRIIUHHGRP0'2)PRGHOZLWKWKHUHVSRQVHVSHFWUXPDQDO\VLVRIDQHTXLYDOHQWVLQJOH
GHJUHHRIIUHHGRP 6'2) V\VWHP )DMIDU  >@ 7KH VRFDOOHG 1PHWKRG LV HPEHGGHG DV D
PHWKRGIRUFDOFXODWLRQRIWDUJHWGLVSODFHPHQWLQ(XURFRGHSDUW$QQH[%3XVKRYHUFXUYHVIRUWKH
DQDO\VHGFDVHVDUHJLYHQLQ)LJXUH
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)LJXUH3XVKRYHUFXUYHVRIWKHDQDO\VHGFDVHV
6OLNDÄ3XVKRYHU³NULYH]DDQDOL]LUDQHVOXþDMHYH

7LPHKLVWRU\DQDO\VLVLVSHUIRUPHGIRUWKHVHWRIVHYHQSDLUVRIKRUL]RQWDOJURXQGPRWLRQFRPSRQHQWV
)RU HDFK SDLU WKH 6566 VSHFWUXP LV GHWHUPLQHG E\ WKH VTXDUH URRW RI VXP RI VTXDUHV RI WKH 
GDPSHGVSHFWUXPRIHDFKFRPSRQHQW7KHPHDQVSHFWUXPLVWKHQIRUPHGE\WDNLQJWKHDYHUDJHYDOXH
RI WKH6566VSHFWUDRI WKH LQGLYLGXDOHDUWKTXDNHVDQGE\VFDOLQJ LW VR WKDW LW LVQRW ORZHU WKDQ
WLPHVWKHGDPSHGHODVWLFUHVSRQVHVSHFWUXPRIWKHGHVLJQVHLVPLFDFWLRQ7KHHQVHPEOHUHVSRQVH
VSHFWUXPLVVKRZQLQ)LJXUH

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)LJXUH)RUPLQJRIWKHPHDQUHVSRQVHVSHFWUXP
6OLND)RUPLUDQMHRVUHGQMHQRJVSHNWUDRGJRYRUD
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
 5(68/762)7+(678'<$1'',6&866,21

$QDO\VHVUHVXOWVLQWHUPVRIGLVSODFHPHQWVRIWKHFRQWUROQRGHDVZHOODVURWDWLRQVLQWKHSODVWLFKLQJH
UHJLRQVRI WKHVKRUWHUFROXPQVFDOFXODWHGIURPWKHQRQOLQHDUVWDWLFDQGG\QDPLFDQDO\VLV 16$DQG
1'$DUHJLYHQLQ7DEOH5RWDWLRQVDUHIRUWKHWDUJHWGLVSODFHPHQWVFDOFXODWHGEDVHGRQWKHVWUDLQV
LQWKHFRPSUHVVHGFRQFUHWHPDUJLQDOILEUHVDQGLQWHQVLRQHGUHLQIRUFHPHQW

7DEOH5HVXOWVRIWKHDQDO\VHV
7DEHOD5H]XOWDWLDQDOL]D

 &DVH &DVH &DVH
6NHWFKGLDJUDP   <LHOGURWDWLRQ UDG UDG UDG
7DUJHWGLVSODFHPHQW
16$ FP FP FP
5RWDWLRQDW7'
16$ UDG UDG UDG
0HDQGLVSODFHPHQW
H[WDEV1'$ FP FP FP
0HDQURWDWLRQ
H[WDEV1'$ UDG UDG UDG
0D[GLVSODFHPHQW
DEV1'$ FP FP FP
0D[URWDWLRQ
DEV1'$ UDG UDG UDG

&RPSDULQJ WKHGLVSODFHPHQWVRI WKHFRQWURO QRGH LW FDQEHREVHUYHG WKDW WKH ODUJHVW GLVSODFHPHQWV
RFFXULQFDVHZKLOHWKHVPDOOHVWLQFDVH,QFDVHWKHILUVWPRGHSHULRGLVWKHORQJHVW7 V
EHORQJLQJWRWKHORQJSHULRGUDQJHZKLFKLVZK\WKHUHODWLYHGLVSODFHPHQWLVSUDFWLFDOO\LQGHSHQGHQW
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IURPWKHV\VWHPEHDULQJFDSDFLW\$QLþLüHWDO >@7KHGLIIHUHQFHEHWZHHQ WKHGLVSODFHPHQW
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